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(54) Kinetic characteristic control system for vehicle 

(57) A kinetic characteristic control system performs 
a modifying process for modifying a standby control con- 
stant so as to, for example, decrease the standby start 
opening in correspondence with a calculated braking 
system control decrease amount x (step 230), a shift pat- 
tern characteristic modifying process for modifying a shift 
position change line so as to make a shift-up thereof easy 
(step 250), an EFI control amount modifying process for 
modifying a fuel injection amount, an air-fuel ratio, and 
an ignition timing (step 270), and a modifying process for 
a driving system TRC control performance (step 290). 
These modifying processes are intended for modifying 
the control constant, control amount, etc. so that the driv- 
ing torque may decrease to thereby prevent the occur- 
rence of excessive slippage of the drive wheels. 
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Description 

CROSS REFERENCE TO RELATED APPLICATION 

This application is based upon and claims priority s 
from Japanese Patent Application No. Hei 6-225038 filed 
September 20, 1994, the contents of which are incorpo- 
rated herein by reference. 

BACKGROUND OF THE INVENTION io 

1 . Field of the invention: 

The present invention relates to a kinetic character- 
istic control system for a vehicle which improves the 75 
kinetic characteristics of the vehicle by controlling the 
braking torque and the driving torque or just the braking 
torque imparted to the vehicle wheels in for example trac- 
tion control performed during acceleration slip. 

20 

2. Description of the Related Art: 

Conventionally, a system is known which performs 
traction control at a time of acceleration slip by controlling 
a braking torque imparted to vehicle wheels by brake 25 
fluid being supplied from a pump discharging brake fluid 
at a high pressure to wheel cylinders of the vehicle 
wheels and being discharged from these wheel cylin- 
ders, or by controlling a driving torque imparted to a vehi- 
cle wheel by, for example, adjustment of the opening of 30 
a throttle valve for controlling the amount of air sucked 
into an internal combustion engine. This traction control 
will, now be explained with reference to Figs. 9A to 9C. 
Fig. 9A is a time chart illustrating in a schematic manner 
variation in throttle opening, vehicle speed, and brake 35 
fluid pressure of a wheel cylinder (hereinafter also 
referred to as "W/C") at a normal-temperature time dur- 
ing which good control is effected. 

This example is that of a two-valve system which has 
a main throttle and a sub-throttle valves. Upon depres- 40 
sion of an accelerator, the main throttle which was fully 
closed is opened with the result that the drive wheel 
speed increases. When the drive wheel speed exceeds 
a threshold value for determining an occurrence of a pre- 
determined acceleration slip, the sub-throttle which had 45 
been fully open starts to be closed while, on the other 
hand, the W/C fluid pressure of the drive wheel starts to 
be increased. By controlling the driving torque and brak- 
ing torque in this way, the system tries to decrease the 
acceleration slip. 50 

Regarding this control of the braking torque, partic- 
ularly in a case where supply of the supply pressure to 
the W/C is conducted by only the pump driving, the 
increase gradient of the braking pressure at the slip 
decrease control time depends solely upon the dis- 55 
charge capacity of the pump. However, sometimes the 
discharge capacity of the pump deteriorates due to low 
temperature, which results in that a desired increase gra- 
dient of the braking pressure cannot be obtained due to 



deficiency of the amount of brake fluid discharged and 
as a consequence an excessive slip at the beginning of 
the slip control is not suppressed. 

As the cause of deterioration in the discharge capac- 
ity of the pump at a low-temperature time, there is an 
increase in the viscous resistance of the brake fluid. That 
is, even when a brake fluid pressure control valve is 
changed over to a pressure increasing mode for the 
same pressure increasing time period as at a normal- 
temperature time, the actual amount of increase in the 
brake fluid pressure at a low-temperature time is smaller. 
Fig. 9B illustrates the manner of control at a low-temper- 
ature time and, in Fig. 9B, the illustrated time chart por- 
tions of the vehicle speed and W/C fluid pressure include 
the case of control at a normal-temperature for compar- 
ison shown with broken lines. As seen from Fig. 9B, even 
when the sub-throttle valve is closed as at a normal-tem- 
perature time, the increase gradient of the W/C fluid pres- 
sure, particularly at a beginning portion thereof becomes 
small, with the result that the braking performance dete- 
riorates and hence the drive wheel speed increases, 
which results in deterioration in the convergence of the 
slip. 

As the cause of deterioration in the discharge capac- 
ity of the pump, in addition to an increase in the above- 
mentioned viscous resistance of the brake fluid, in a case 
where the pump is driven by, for example, a battery, a 
decrease in the battery voltage due to a low temperature 
would also deteriorate the discharge capacity of the 
pump. 

As mentioned above, at a time of low temperature, 
even if the same control of the braking torque as at a 
normal-temperature time is executed, the acceleration 
slip of the drive wheels becomes excessive within a time 
lag after which the W/C fluid pressure actually increases 
up to a desired high level, so that it is impossible to 
achieve the object of the acceleration slip control which 
suppresses the acceleration slip. Particularly, during hill- 
starting, unless initial acceleration slip is suppressed to 
a small value, good starting and good acceleration per- 
formance can not be obtained and, at the turn accelera- 
tion time as well, the stability of the vehicle body is lost. 

In view of the above problems, the present invention 
proposes as a fundamental technical concept an idea of 
compensating, on the driving torque control side, for a 
decrease in the braking system control performance 
attributable to an increase in the viscous resistance of 
the brake fluid or a decrease in the discharge capacity 
of the pump and an idea of correcting the contents of 
control on the braking torque control side. 

Meanwhile, regarding the control of the driving 
torque, Japanese Patent Application Laid-Open No. Hei 
3-202647 for example discloses an acceleration slip con- 
trol system which is adapted to perform a so-called 
"standby control" in which, with the occurrence of accel- 
eration slip anticipated, the opening of the throttle is set 
beforehand to an initial opening suitable for suppressing 
the acceleration slip to thereby realize a good accelera- 
tion performance. 
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The intended purpose of this system is as follows: 
Even when the operation of causing the opening of the 
throttle to coincide with a goal value is started from a time 
of detection of an acceleration slip, the acceleration slip 
of the drive wheel becomes excessive within a time lag 
after which the opening of the throttle actually coincides 
with the goal value. As a consequence, the predeter- 
mined aim of conducting the acceleration slip control can 
not be realized. This system is intended to prevent this. 
The contents of the control in this system are as follows: 
When a throttle opening at which an excessive acceler- 
ation slip relative to the present road occurs is instructed 
by the operation of the accelerator, the opening of the 
throttle is adjusted to an estimated opening of the throttle 
which was learned at a previous acceleration slip control 
time and which would enable an optimum acceleration 
slip ratio to be obtained. That is, in a case where the 
amount of accelerator operation becomes larger than a 
reference value at which it is anticipated that acceleration 
slip occurs, the throttle is immediately controlled to a 
throttle opening (standby opening) estimated to be opti- 
mum which was learned at a previous acceleration slip 
control time, in advance of the feedback control of the 
acceleration slip performed after this acceleration slip 
has actually occurred, to thereby compensate for the 
time lag required for the driving of the throttle. In addition, 
since the above reference value is updated according to 
the condition of acceleration of the vehicle, even when 
the travel road has changed from a \ow-\i road to a high- 
\x road, this reference value reflects data of the, newest 
travel road surface of the vehicle. 

However, in the above-mentioned standby control, 
the standby opening that precedes the travel of the vehi- 
cle is not determined. That is, immediately after the igni- 
tion switch has been turned on, it was impossible to 
execute the above-mentioned standby control. Further, 
although it is indeed possible to set, for example, the 
standby opening with respect to a high-^i road during a 
previous travel, as a pre-travel standby opening, since 
even in this case immediately after the turning-on of the 
ignition switch the engine and the like are not yet warmed 
up and the brake fluid is still low in temperature, as men- 
tioned above the discharge capacity of the pump deteri- 
orates due to a low temperature and the amount of fluid 
discharged becomes deficient. Therefore, it is impossi- 
ble to perform the acceleration slip control (traction con- 
trol) appropriately. Additionally, further regarding the 
above-mentioned standby control, when the throttle is 
controlled to a throttle opening (standby opening) which 
was learned at a previous acceleration slip control time 
and which is estimated to be optimum, the vehicle has 
traveled for a certain time period. In this condition, the 
engine and the like are actually warmed up and it is less 
likely that the brake fluid is still low in temperature. 
Accordingly, even if outside-vehicle environments such 
as road surface \x are identical, at a time of starting to 
travel, the same traction control as at a normal-temper- 
ature time is not realized for the reason that the brake 
fluid is low in temperature, etc. 



SUMMARY OF THE INVENTION 

The present invention has been made in order to 
solve the above-mentioned problems and an object of 

5 the present invention is to provide a kinetic characteristic 
control system for a vehicle adapted to improve the 
kinetic characteristics of the vehicle by controlling both 
the braking torque and driving torque, or the braking 
torque alone, imparted to a vehicle wheel as in the case 

10 of, for example, a traction control, in which, even when 
the braking system control performance is decreased 
due to an increase in the viscous resistance of a brake 
fluid by reason of, for example, low temperature, or to a 
decrease in the discharge capacity of the pump, it is pos- 

is sible to obtain the same control performance as at a nor- 
mal-temperature time. 

To attain the above object, According to the present 
invention, braking system control means controls the 
braking torque imparted to the vehicle wheel by perform- 

20 ing a changeover control between supply of a brake fluid 
from a pump discharging brake fluid at a high pressure 
to a wheel cylinder of the vehicle wheel and discharge 
of the brake fluid from the wheel cylinder. On the other 
hand, driving system control means controls the driving 

25 torque imparted to the vehicle wheel. Braking system 
control performance decrease state detecting means 
detects a state of decrease in the braking system control 
performance due to an increase in the viscous resistance 
of the brake fluid or a decrease in the discharge capacity 

30 of the pump while, on the other hand, the driving system 
control correcting means corrects the driving torque con- 
trol of the driving system control means in correspond- 
ence with a state of decrease in the braking system 
control performance detected by the braking system 

35 control performance decrease state detecting means. 

There is a case where a decrease in the braking sys- 
tem control performance (i.e. the actual increase gradi- 
ent of the brake fluid in the W/C becomes small, and so 
on) occurs due to an increase in the viscous resistance 

40 of the brake fluid or a decrease in the discharge capacity 
of the pump, even when the braking system control is 
carried out as at a normal-temperature time. In the 
present invention, since the driving torque control is cor- 
rected in correspondence with the state of decrease in 

45 it, it is possible to appropriately perform the driving torque 
control which is the same as in the case where no 
increase in the viscous resistance of the brake fluid or 
no decrease in the discharge capacity of the pump 
occurs. For example, in a case where the increase gra- 

50 dient of the brake fluid becomes small, the decrease in 
the braking system control performance is compensated 
for by, for example, decreasing the driving torque 
imparted to the vehicle wheel, to thereby achieve the 
same control performance as at a normal time. 

55 As an example of this driving torque control, there is 
a so-called "traction control system" in which the occur- 
rence of an acceleration slip in the vehicle wheel is 
detected, the braking torque imparted to the vehicle 
wheel is controlled by the braking system control means, 
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and the driving torque imparted to the vehicle wheel is 
controlled by the driving system control means, to 
thereby suppress a slip during acceleration which occurs 
in the drive wheel of the vehicle, to a desired range. In 
the following description, in order to have an easier 
understanding of the invention, explanation will proceed 
by taking the traction control as an example. 

As mentioned above, for example, at a low-temper- 
ature time, the viscous resistance of the brake fluid 
increases or the battery voltage which is the drive source 
of the pump motor decreases. Therefore, even when the 
brake fluid is supplied to the wheel cylinder for the same 
pressure increasing time period as at a normal-temper- 
ature time, the actual amount of increase in the pressure 
of the brake fluid remains small, so that, in a case where 
traction control is being performed, convergence of the 
slip deteriorates. In the present invention, even when 
such a decrease in the braking torque control perform- 
ance occurs, the driving torque control is corrected in 
correspondence with the state of decrease in that per- 
formance. Accordingly, the present invention enables the 
performance of an appropriate driving torque control 
which is the same as in the case where the discharge 
capacity of the pump is not decreased. Namely, in the 
control such as a traction control which is performed for 
improving the kinetic characteristic of the vehicle, it is 
possible to obtain, even at a low-temperature time, the 
same control performance as at a normal-temperature 
time. 

In the above-mentioned braking system control 
decrease state detecting means, by, for example, actu- 
ally detecting the amount of discharge of the pump per 
unit length of time, it is possible to compare this actual 
amount of discharge with that at a normal-temperature 
time to thereby detect the state of decrease in the control 
performance. However, as an alternative method, it is 
conceivable to provide brake fluid temperature detecting 
means and estimate the state of decrease in the control 
performance on the basis of the temperature of the brake 
fluid detected by the brake fluid temperature detecting 
means. If, in this case, the relationship between the tem- 
perature of the brake fluid and the state of decrease in 
the control performance is previously stored in the form 
of, for example, a mapping and the state of decrease is 
estimated by referring to such a mapping, or the like, this 
state of decrease will be easily detected. 

This brake fluid temperature detecting means may 
be equipped with engine cooling water temperature 
detecting means and the brake fluid temperature can be 
estimated based on the thus-detected temperature of the 
engine cooling water. Since the temperature of the cool- 
ing water is widely utilized for other controls in the vehicle 
as well, the use thereof is preferable because common 
use of data can be made. 

On the other hand, as the above-mentioned driving 
system control means, it is conceivable to adjust the 
opening of the throttle for controlling the amount of air 
sucked into an internal combustion engine to thereby 
control the driving torque. 
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Further, the amount of accelerator operation for 
instructing the opening of the throttle for controlling the 
amount of air sucked into an internal combustion engine 
may be detected by the accelerator operation amount 

5 detecting means and, in a case where it is anticipated 
that an acceleration slip is going to occur on the basis of 
the amount of accelerator operation, standby control 
means may control the output of the internal combustion 
engine so as to suppress it. Further, the driving system 

w control correcting means may correct the amount of 
accelerator operation for starting the standby control in 
correspondence with the state of decrease in the braking 
system control performance. 

As the method for suppressing the output of the 

15 internal combustion engine, it is conceivable to control 
the opening of the throttle or perform fuel cut-off. For 
example, in a case where the braking system control per- 
formance decrease state has exceeded a predetermined 
value, by, for example, forcibly correcting the opening of 

20 the throttle to a predetermined opening corresponding 
to a case of road surface having a value of \x which is as 
somewhat small as 0.1 or so, it is possible to obtain the 
same control performance as at a normal time. Particu- 
larly, in a case where the braking system control perform- 

25 ance decrease state exceeds the predetermined value, 
there is a high probability that the temperature of the 
external air is rather low and a friction state of a road falls 
down (i.e. a low-fi road). Therefore, it is effective to for- 
cibly set the opening of the throttle to an opening corre- 

30 sponding to a case of low road-surface {i. 

An example of this standby control will now be 
explained in detail with reference to Fig. 9C. At a low- 
temperature time, as illustrated in Fig. 9B, even if the 
throttle is closed as at a normal-temperature time when 

35 the drive wheel speed has exceeded a predetermined 
threshold value, the initial portion in particular of the 
increase gradient of the W/C fluid pressure becomes 
small by reason of an increase in the viscous resistance 
and the like, so that the drive wheel speed rises. As a 

40 consequence, convergence of the slip deteriorated. 

In contrast, according to the present invention, as 
illustrated in Fig. 9C, when the opening of the main throt- 
tle has reached a predetermined standby start opening, 
the sub-throttle is driven and set to a throttle opening suit- 

45 ing the suppression of an acceleration slip under a con- 
dition wherein the road surface n is 0.1 . By this setting, 
it is possible to prevent the occurrence of an excessive 
acceleration slip. 

The standby start opening which is a standard for 

so starting the above standby control is modified in corre- 
spondence with the state of decrease in the braking sys- 
tem control performance. By this modification, for 
example, in a case where the braking system control per- 
formance becomes decreased as a result of a lower tem- 

55 perature, the standby start opening is made to be small 
to thereby start the standby control earlier. 

Further, the driving system control correcting means 
may be equipped with modifying means for modifying at 
least one of fuel injection amount, air-fuel ratio, and igni- 
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tion timing of the internal combustion engine, whereby 
at least one of fuel injection amount, air-fuel ratio, and 
ignition timing may be modified in correspondence with 
the state of decrease in the braking system control per- 
formance. It is possible to perform fuel cut in the case of 5 
modifying the fuel injection amount, to make the mixture 
lean in the case of modifying the air-fuel ratio, and to con- 
trol to a retardation side in the case of modifying the igni- 
tion timing. Of course, these three factors may be all 
modified. w 

Further, in a kinetic characteristic control system for 
vehicle which is applied to a vehicle equipped with an 
automatic transmission the shift position of which is auto- 
matically changed over based on a preset automatic shift 
pattern line, the driving system control correcting means 75 
is equipped with shift pattern line modifying means for 
modifying the automatic shift pattern line. By this modi- 
fying means, it is conceivable to modify the shift pattern 
line so as to make the shift-up thereof easy or make the 
shift-down thereof difficult, in correspondence with the 20 
state of decrease in the braking system control perform- 
ance. As a specific example, it is conceivable to cause 
the vehicle to start with a second shift position at all times 
after the braking system control performance decrease 
state has exceeded the predetermined value. 25 

The techniques which have been described above 
refer to the case of compensating for the decrease in the 
braking system control performance on the side of con- 
trolling the driving torque. Subsequently, an explanation 
will be given as to the techniques which refer to the case 30 
of coping with the decrease in the braking system control 
performance by correcting the contents of control on the 
braking torque control side. 

That is, the braking system control means performs 
a changeover control between supply of a brake fluid 35 
from the pump discharging the brake fluid of a high pres- 
sure to a wheel cylinder of a vehicle wheel and discharge 
of it from this wheel cylinder, to thereby control the brak- 
ing torque imparted to the vehicle wheel. And the braking 
system control performance decrease detecting means 40 
detects the state of decrease in the braking system con- 
trol performance attributable to an increase in the vis- 
cous resistance of the brake fluid or a decrease in the 
discharge capacity of the pump, and the braking system 
control correcting means corrects the braking torque 45 
control by the braking system control means in corre- 
spondence with the state of decrease in the braking sys- 
tem control performance decrease state detected by the 
braking system control performance decrease state 
detecting means. so 

Since there is a case where the braking system con- 
trol performance decreases as in the above case, for 
example, a case where, due to an increase in the viscous 
resistance in the brakefluid, the actual increase gradient 
of the brake fluid in the W/C becomes small even when 55 
the braking system control is performed as at a normal- 
temperature time, the braking torque itself is corrected 
this time in correspondence with the state of decrease 
in the braking system control performance to thereby 



enable the same control performance as at a normal time 
to be obtained. 

Regarding the correction performed by this braking 
system control correcting means, it is conceivable to cor- 
rect the braking torque control by the braking system 
control means in such a manner as to expedite the start- 
ing timing of this braking torque control in correspond- 
ence with the state of decrease in the braking system 
control performance. As the specific contents of such 
correction, it is conceivable to correct the pump-drive 
starting timing in such a manner as to expedite it at a 
time of detecting a state of decrease in the braking sys- 
tem control performance as compared with a time of not 
detecting it, or to expedite the timing of imparting the 
brake fluid to the wheel cylinder of the vehicle wheel at 
a time of said detection as compared with a time of non: 
detection, to thereby correct the braking torque control 
starting timing in such a manner as to expedite it. 

Particularly, at a low- temperature time, since the dis- 
charge capacity of the pump decreases, with the pump 
alone being driven earlier, actual supply and discharge 
of the brake fluid to and from the wheel cylinder may be 
started simultaneously with a time of non-detection of the 
state of decrease in the braking system control perform- 
ance. Of course, the two operations may be concurrently 
used in combined form. 

Further, if, at a time when a state of decrease in the 
braking system control performance has been detected, 
the pump-drive termination timing is corrected in such a 
manner as to be delayed as compared with a time of non- 
detection, it is possible to obtain a smooth rise in the 
brake fluid pressure gradient at a time of re-occurrence 
of a slip at the time of termination of the braking system 
control. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the present inven- 
tion will be appreciated, as well as methods of operation 
and the function of the related parts, from a study of the 
following detailed description, the appended claims, and 
the drawings, all of which form a part of this application. 
In the drawings: 

Fig. 1 is a schematic construction diagram illustrat- 
ing the overall construction of a control system for a 
vehicle in a case where a kinetic characteristic con- 
trol system according to the present invention is real- 
ized as an acceleration slip control system; 
Fig. 2 is an explanatory diagram illustrating the con- 
struction of a brake control unit according to a pre- 
ferred embodiment of the present invention in regard 
to a hydraulic system in particular; 
Fig. 3 is an explanatory diagram illustrating the con- 
struction of an electric system according to the pre- 
ferred embodiment of the present invention; 
Fig. 4 is a flow chart illustrating a braking system 
control decrease amount detection process accord- 
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ing to the preferred embodiment of the present 
invention; 

Fig. 5 is a flow chart illustrating a driving system con- 
trol correction process according to the preferred 
embodiment of the present invention; 
Fig. 6A is a flow chart illustrating an acceleration slip 
control process according to the preferred embodi- 
ment of the present invention; 
Fig. 6B is a flow chart illustrating the acceleration 
slip control process according to the preferred 
embodiment of the present invention; 
Fig. 7 is a time chart illustrating an acceleration slip 
control including a standby control according to the 
preferred embodiment of the present invention; 
Fig. 8 is a flow chart illustrating a braking system 
control compensation process according to the pre- 
ferred embodiment of the present invention; and 
Figs. 9A, 9B and 9C are time charts of conventional 
technology and of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Preferred embodiment of the present invention will 
now be described with reference to the drawings. 

First, Fig. 1 is a schematic construction diagram 
illustrating the overall constitution of a control system for 
a vehicle in a case where the kinetic characteristic con- 
trol system of the present invention is realized as an 
acceleration slip control system. This preferred embod- 
iment is one in which the invention is applied to a front- 
engine/rear-drive (FR) type vehicle. 

The acceleration slip control system comprises, in a 
driving force transmission system of the vehicle, electro- 
magnetic pick-up type drive wheel speed sensors 11,12 
for detecting the rotation speeds of rear-right/rear-left 
drive wheels RR, RL to each of which a driving torque 
from an internal combustion engine 6 is transmitted via 
an automatic transmission 2 and a differential gear 4; 
electromagnetic pick-up type driven wheel speed sen- 
sors 1 3, 1 4 for detecting the rotation speeds of right and 
left driven wheels FR, FL at the front of the vehicle; sen- 
sors 15 for detecting operating condition parameters of 
the internal combustion engine 6 such as engine speed, 
intake air flow rate and cooling water temperature; and 
a shift position sensor 1 7 for detecting the shift position 
of the automatic transmission 2. 

Further, the acceleration slip control system com- 
prises, in an intake system for controlling the output 
torque of the internal combustion engine 6, a main throt- 
tle position sensor 24 for detecting the opening of a main 
throttle 22 interlocked with an accelerator pedal 20 and 
a sub-throttle position sensor 30 for detecting the open- 
ing of a sub-throttle 28 driven by a sub-throttle actuator 
26 consisting of a step motor or the like. 

Detection signals from the above-mentioned sen- 
sors are provided to an electronic control circuit 40 where 
the magnitudes of the braking and driving torques 
imparted to the right and left drive wheels RR, RL are 



determined according to the detection signals from the 
respective sensors. Control signals prepared according 
to that determination are provided to a brake control unit 
50 and the sub-throttle actuator 26. By opening and clos- 
5 ing the sub-throttle 28 using the sub-throttle actuator 26, 
it is possible to suppress the output torque of the internal 
combustion engine 6 and thereby control the accelera- 
tion slip. 

The electronic control circuit 40 transmits a fuel 
10 injection instruction to, for example, a fuel injection valve 
(not shown) to thereby control the amount of fuel 
injected. It can also control the air-fuel ratio and ignition 
timing, etc. 

The brake control system 50 referred to here in this 

is specification is designed to drive and control independ- 
ently right and left brake devices provided respectively 
to the drive wheels RR, RL Next, the detailed construc- 
tion of this brake control unit 50 will be described with 
reference to Fig. 2. 

20 The brake control unit 50 receives three kinds of sig- 
nals, namely a control execution signal SO output from 
the electronic control circuit 40 and respective control 
signals BL, BR for the left and right drive wheels RL, RR 
output therefrom and, according to these signals, drives 

25 brake devices 50-1, 50-2 provided to the left and right 
drive wheels RL, RR. In a normal condition, the brake 
devices 50-1 , 50-2 are driven by an operating fluid pres- 
sure obtained by a driver's brake operation. On the other 
hand, a pump 52 is used to pump out fluid stored in a 

30 reservoir 54 in order to drive the brake devices 50-1 , 50- 
2 according to various control signals from the electronic 
control circuit 40. Thus, these elements constitute 
another fluid pressure source. The operating fluid pres- 
sure for each brake device 50-1 , 50-2 is also produced 

35 from this fluid pressure source. 

While as mentioned above there exist two fluid pres- 
sure sources for driving the brake devices 50-1 , 50-2, in 
a normal condition the fluid pressure source which is 
obtained from the driver's brake pedal operation is used. 

40 That is, brake fluid that has been delivered from a master 
cylinder MC by the driver's brake pedal operation is sup- 
plied to the brake devices 50- 1 , 50-2 via an fluid passage 
of an fluid-pressure pipeline changeover valve 58 and a 
left fluid pressure control valve 50 RL and via an fluid pas- 

45 sage of the fluid-pressure pipeline changeover valve 58 
and a right fluid pressure control valve 50RR, respec- 
tively. 

The fluid pressure pipeline changeover valve 58 is 
a two-position valve which changes over the fluid pres- 

50 sure source used for driving the brake devices 50-1 , 50- 
2 to the master cylinder MC or to the pump 52. The fluid 
pressure pipeline changeover valve 58 normally is kept 
stable in a position at which the fluid pressure from the 
master cylinder MC can be supplied to each of the brake 

55 devices 50-1, 50-2. Upon input of the control execution 
signal SO from the electronic control circuit 40 to a two- 
position valve driving circuit 60, the position of the fluid 
pressure pipeline changeover valve 58 is changed over 
from the above-mentioned stable position during input of 
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the control execution signal SO and is controlled to a posi- 
tion where the brake devices 50-1, 50-2 can be driven 
by the fluid pressure from the pump 52. 

Further, fluid pressure control valves 50RL, 50RR 
provided to the left and right wheels are three-position 
valves which are provided for increasing and decreasing 
the braking force of the brake devices 50-1. 50-2 using 
the fluid from the pump 52 that is transmitted via the fluid 
pressure pipeline changeover valve 58. Each of the fluid 
pressure control valves 50RL, 50RR has a pressure 
increasing mode (a), a pressure decreasing mode (b), 
and a pressure holding mode (c). 

The pressure increasing mode (a) is a mode con- 
necting the fluid pressure pipeline changeover valve 58 
and the brake devices 50-1 , 50-2. This mode is utilized 
at an ordinary time for generating a braking torque cor- 
responding to an amount of driver's brake operation and 
at a braking time for increasing the braking torque as a 
result of slip control. 

The pressure decreasing mode (b) is a mode for 
decreasing the pressure of the brake fluid by connecting 
a low pressure pipeline and the brake devices 50-1 , 50- 
2. By a two-position valve driving circuit 62 that operates 
in response to the control execution signal SO from the 
electronic control circuit 40, a two-position valve 63 con- 
nects the low pressure pipeline and the reservoir 54 that 
it has theretofore cut off. For this reason, in the pressure 
decreasing mode (b), the operating fluid of the brake 
devices 50-1 , 50-2 is returned to the reservoir 54 via the 
low pressure pipeline and then via the two-position valve 
63, and thereby the pressure of the brake fluid is 
decreased. 

Further, the pressure holding mode (c) is a mode for 
holding the pressure of the brake fluid by cutting off the 
communication between the above-mentioned various 
fluid passages and the brake devices 50-1 , 50-2. 

The above-mentioned fluid pressure control valves 
50RL, 50RR, each for realizing one of the above-men- 
tioned various modes, are driven and controlled by three- 
position driving circuits 64RL, 64RR according to the 
control signals BL, BR from the electronic control circuit 
40 during a slip control period in which the fluid pressure 
pipeline changeover valve 58 is changed over to the 
pump 52 side. 

The three-position driving circuits 64RL, 64RR are 
set to operable states during a time period in which the 
control execution signal SO from the electronic control 
circuit 40 continues to be output, and drive and control 
the fluid pressure control valves 50RL, 50RR according 
to the control signals BL, BR similarly output from the 
electronic control circuit 40. In this preferred embodi- 
ment, the pressure of the brake fluid of the brake devices 
50-1, 50-2 is subjected to increase or decrease control 
according to pressure increasing or decreasing duty fac- 
tors D set based on the control signals BL, BR. That is, 
a time period t (t= D-T) in which the pressure of the 
brake fluid is increased or decreased per predetermined 
unit of time T is determined according to the control sig- 
nals Bl_ BR from the electronic control circuit 40. Accord- 



ing to the thus-determined time period value, at the brake 
fluid pressure increase time, the fluid pressure control 
valves 50RL, 50RR are subjected to duty control 
between the modes (a) and (c) and, at the brake fluid 

5 pressure decrease time, the fluid pressure control valves 
50RL, 50 RR are subjected to duty control between the 
modes (b) and (c), thereby controlling the pressures of 
the brake fluid of the brake devices 50-1, 50-2. 

While as mentioned above the pressures of the 

w brake fluid of the brake devices 50-1 , 50-2 are increase 
or decrease controlled using the various control signals 
from the electronic control circuit 40, the pressures of the 
brake fluid of the respective brake devices 50-1 , 50-2 are 
detected by drive wheel brake fluid pressure sensors 66, 

75 68 in order to increase the control precision of this brake 
fluid pressure control and the detected results are fed 
back to the electronic control circuit 40. 

Next, an electric system such as the electronic con- 
trol circuit 40 and the like according to this preferred 

20 embodiment will be explained with reference to Fig. 3. 

Various detection signals from the above-mentioned 
various sensors including the drive wheel speed sensors 
11, 12, sensors 1 5 for detecting the operating condition 
of the internal combustion engine 6, drive wheel brake 

25 fluid pressure sensors 66, 68, etc. are provided to the 
electronic control circuit 40. Various control signals pro- 
vided to the sub-throttle actuator 26 and brake control 
unit 50, or control signals for fuel injection amount, air- 
fuel ratio, and ignition timing are determined according 

30 to those detection signals. The electronic control circuit 
40 comprises a logical operation circuit in order to exe- 
cute complex processing of those detection signals or 
data. It includes a CPU 41 for performing logical opera- 
tions, an I/O port 42 constituting an input interface for the 

35 various sensors, a counter 43 for counting a number of 
pulses corresponding to the engine speed provided^ rom 
the sensors 15. a RAM 44 for temporarily storing logical 
operation results, etc., a ROM 45 for pre-storing an oper- 
ation program as will be described later, control data, 

40 etc., and an I/O port 46 for outputting control signals to 
the sub-throttle actuator 26 and to the brake control unit 
50. 

Next, the operation of the acceleration slip control 
system thus constructed according to the preferred 

45 embodiment will be explained. Firstly, an outline of the 
acceleration slip control operation will be explained. 

When an acceleration slip occurs in the drive wheels 
RR, RL due to, for example, a sudden accelerator oper- 
ation by a driver on a low-jn road, both the control of the 

so driving system and that of the braking system are per- 
formed by instruction signals from the electronic control 
circuit 40. The control of the driving system is for sup- 
pressing the output torque of the internal combustion 
engine 6, such as by closing the sub-throttle 28, or for 

55 outputting an instruction to decrease the fuel injection 
amount or to cause a retardation in the ignition timing. 

On the other hand, the control of the braking system 
is for operating the pump 52 and transmitting the control 
signals BL, BR to the fluid pressure control valves 50RL, 
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50 RR provided to the left and right drive wheeis to 
thereby adjust (increase or decrease) the braking force 
of the brake devices 50-1 , 50-2. Specifically, each of the 
fluid pressure control valves 50 RL, 50 RR is changed 
over to a suitable one of the three modes, i.e. the pres- 5 
sure increasing mode (a), the pressure decreasing mode 
(b), and the pressure holding mode (c) to thereby sup- 
press the acceleration slip. 

As mentioned above, at a low-temperature time, the 
viscous resistance of the brake fluid increases, the bat- 10 
tery voltage that is a drive source for the motor driving 
the pump 52 decreases, etc. As a result, even when each 
of the fluid pressure control valves is kept in the pressure 
increasing mode (a) for the same period as at a normal- 
temperature time, the actual amount of increase in the 75 
pressure of the brake fluid is smaller. Therefore, a 
desired braking torque is not imparted to the drive 
wheels, and the suppression performance of the accel- 
eration slip is impaired. 

In view of this, the first preferred embodiment is 20 
directed, in a case where the braking torque control per- 
formance is deteriorated in such way, to compensating 
for this by correcting the driving torque control side in 
correspondence with the conditions by which that per- 
formance is being deteriorated. 25 

The operation of correcting the driving torque control 
side will now be explained with reference to Figs. 4 
through 8. Fig. 4 illustrates a braking system control 
decrease amount detecting process which is performed 
in accordance with a control program stored in the ROM 30 
45 of the electronic control circuit 40, and which is exe- 
cuted, for example, in 5 ms units. 

As illustrated in Fig. 4, firstly, in step 110, the tem- 
perature of the brake fluid is estimated. In this preferred 
embodiment, this estimation is made not by directly 35 
measuring the temperature of the brake fluid but is made 
based on the temperature of the cooling water of the 
internal combustion engine 6 obtained from the sensors 
1 5. Since the temperature of the cooling water thereof is 
also widely used for other controls in the vehicle, the use 40 
of this temperature is preferable in terms of common use 
of data. 

In step 120, the braking system control decrease 
amount x is calculated based on the thus-estimated tem- 
perature of the brake fluid, whereupon this detecting 45 
process is once terminated. As regards the calculation 
of the braking system control decrease amount x, since 
relevant characteristics differ from one vehicle to another 
according to, for example, differences in the braking sys- 
tem fluid pressure piping length, the characteristic map- so 
ping for example, corresponding to each vehicle, which 
shows the temperature of the brake fluid and its corre- 
sponding braking system control decrease amount may 
be stored beforehand. And the amount x may be calcu- 
lated by referring to the characteristic mapping. This 55 
characteristic mapping is set so that the lower the tem- 
perature of the brake fluid is, the larger the braking sys- 
tem control decrease amount x may be. 



The driving system control compensating process 
(Fig. 5) shown below is executed based on the thus-cal- 
culated braking system control decrease amount x. 

This process is executed, for example, in 5 ms units. 
In this process, as illustrated in Fig. 5, firstly, in step 210, 
it is determined whether or not the driving system or the 
braking system control is presently in effect. If that con- 
trol is not in effect (step 21 0: NO), it is determined in step 
220 whether or not the braking system control decrease 
amount x as calculated in the process of Fig. 4 is larger 
than a first decision value x1. If x > x1, the processing 
operation proceeds to step 230 in which a standby con- 
trol constant is modified. This modifying process for the 
standby control constant will be explained later in detail. 
Now putting it aside, the explanation will go ahead. 

If the result of the determination in step 220 is "NO", 
namely if x =s x1 , the operation in step 230 is not executed 
and the operation-proceeds to step 240 in which it is 
determined whether or not the braking system control 
decrease amount x is larger than a second decision 
value x2. If x > x2, the operation proceeds to step 250 in 
which a shift pattern characteristic is modified. The mod- 
ifying process for this shift pattern characteristic is a 
process for modifying the shift pattern in the automatic 
transmission. 

A specific example of the modification of this shift 
pattern characteristic is as follows. Assume that an auto- 
matic transmission wherein the shift position is automat- 
ically changed over according to a preset automatic shift 
position change line is designed so that this automatic 
shift position change line can be modified. If this line is 
an up-shifting shift position change line, this line is mod- 
ified according to the braking system control perform- 
ance decrease amount x so that the shift position change 
line may be easily shifted up. Or if said line is a down- 
shifting shift position change line, this line is similarly 
modified so that the shift position change line may be 
difficultly shifted down. By modifying the shift pattern 
characteristic, it is also possible to realize, for example, 
a two-speed start. At the low-temperature time, by mak- 
ing the up-shifting operation easy as mentioned above, 
the shift position is automatically shifted to a stage which 
is, for example, one step up with even the same accel- 
erator operation amount. As a result, the driving torque 
which is applied to the vehicle wheels is suppressed. 
Thus, it is possible to compensate for a decrease in the 
control of the braking torque. 

If the result of the determination in step 240 is "NO", 
namely if x < x2 ( the processing operation in step 250 is 
not executed and this driving system control compensat- 
ing process is once terminated. 

On the other hand, if the result of the determination 
in step 210 is "YES", namely if the driving system or the 
braking system control is presently in effect, the opera- 
tion proceeds to step 260 where it is determined whether 
or not the braking system control decrease amount x is 
larger than a third decision value x3. If x > x3, the oper- 
ation proceeds to step 270 where modification of the EFI 
control amount is performed. On the other hand, if the 
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result of the determination in step 260 is "NO", namely 
if x ^ x3, the processing operation in step 270 is not exe- 
cuted and the operation proceeds to step 280 where it is 
determined whether or not the braking system control 
decrease amount x is larger than a fourth decision value 
x4. If x > x4, the operation proceeds to step 290 where 
a modifying process for driving system TRC control 
amount is executed. If the result of the determination in 
step 280 is "NO", namely if x ^ x4, the processing in steps 
290 is not executed and the operation proceeds to step 
240. 

As mentioned above, the modifying process for 
standby control constant in step 230 is executed only 
when the driving system or the braking system control is 
not in effect while, on the other hand, the modifying proc- 
ess for EFI control amount in step 270 and the modifying 
process for driving system TRC control amount in step 
290 are executed only when the driving system or the 
braking system control is in effect. Further, the modifying 
process for shift pattern characteristic in step 250 is exe- 
cuted at all times (regardless of whether or not the driving 
system or the braking system control is in effect). 

The modifying process for EFI control amount in 
step 270 will now be explained. TTie EFI control is 
directed to modifying at least one of the fuel injection 
amount, air-fuel ratio, and ignition timing applied to the 
internal combustion engine. Since EFI control is 
intended to be performed to compensate for a decrease 
in brake performance by the driving system as men- 
tioned above, a conceivable method for realizing such 
compensation is, for example, to cut the amount of fuel 
in the case of modifying fuel injection amount, to perform 
control so as to be a lean side in the case of modifying 
air-fuel ratio, or to perform control so as to be a retarda- 
tion side in the case of modifying ignition timing. Of 
course, two or three of these driving system factors may 
be modified at the same time. 

The modifying process for driving system TRC con- 
trol amount in step 290, along with the modifying process 
for standby control constant, explanation of which is 
deferred, will be given below with reference to Figs. 6 A, 
6B and 7. 

Figs. 6A and 6B are flow charts illustrating an accel- 
eration slip control process which is executed, for exam- 
ple, in 5 ms units. Upon start of the execution of the 
relevant processing, initialization such as initial settings 
of various flags is executed (step 300). Then, after input- 
ting and processing the detection signals from the driven 
wheel speed sensors 13, 14 and those from the drive 
wheel speed sensors 11, 12, The electronic control cir- 
cuit 40 calculates vehicle speed Vcr, drive wheel speed 
Vmw, vehicle acceleration acr, control start speed Vst 
with respect to the vehicle speed Vcr, etc. which become 
necessary when processing described hereafter is per- 
formed (step 310). Further, in order to know the present 
operating conditions of the vehicle, the electronic control 
circuit 40 inputs the detection signals from the sensors 
15, respective throttle position sensors 24, 30, and shift 
position sensors 17 (step 320). 



Next, whether or not the acceleration slip control 
based on the feedback control of the opening of the sub- 
throttle 28 is being executed in order to suppress accel- 
eration slip is determined by confirming whether or not 

5 a flag Fact which is set at "1" during execution of the 
acceleration slip control described later is set at "1 " (step 
330). If acceleration slip control has not yet been exe- 
cuted, it is determined whether or not the conditions for 
starting the acceleration slip control have already been 

70 established, for example whether or not the present drive 
wheel speed Vmw is over the control start speed Vst 
(step 340). If such conditions have been newly estab- 
lished, the flag Fact is set at "1" (step 350). Then the 
operation terminates or stops the performance of 

is standby control which is another mode of acceleration 
slip control described later (step 360), and executes ini- 
tial operation of the acceleration slip control (step 370) . 
The operation then returns to step 310. 

The wording initial operation of acceleration slip con- 

20 trol' referred to above means an initial processing which 
is executed early in the feedback control of the sub-throt- 
tle 28; specifically, setting of an initial opening est and 
driving of the sub-throttle 28 to this initial opening est. 
This initial opening est is determined based on the shift 

25 position and the revolution speed of the internal combus- 
tion engine 6 and according to the equitorque curve 
thereof. 

In this preferred embodiment, in a case where the 
acceleration slip control was previously performed, an 

30 equitorque curve is selected based on the driving torque 
of the internal combustion engine 6 at which the accel- 
eration slip was controlled at that time to a proper value, 
the equitorque curve corresponding to that driving 
torque. According to this selected equitorque curve the 

35 initial opening est is set based on the shift position and 
the revolution speed of the internal combustion engine 
6. On the other hand, in a case where the acceleration 
slip control is performed for the first time, a predeter- 
mined value is set as the initial opening est. 

40 This initial opening est is one of the items subjected 
to the driving system TRC control amount modifying 
process in step 290 of Fig. 5. Accordingly, where the 
braking system control decrease amount x is larger than 
the third decision value x3, the initial opening est is cor- 

45 rected in correspondence with the braking system con- 
trol decrease amount x. Specifically, the initial opening 
est is corrected so that it may further approach a totally 
closed position. 

Further, in this initial processing, a drive-wheel goal 

so speed Vsp is also set. This drive-wheel goal speed Vsp, 
as is well known, is calculated by adding a predeter- 
mined slip value to the vehicle speed Vcr calculated from 
the average value of the detected values obtained from 
the driven wheel speed sensors 13,14. 

55 A time period (t3-t4) in Fig. 7 indicates the result of 
the initial processing of the acceleration slip control. 
When it is assumed that, at a time t3 shown in Fig. 7, the 
drive wheel speed Vmw exceeds the control start speed 
Vst, whereupon the conditions for starting acceleration 
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slip control have been established, the opening of ihe 
sub-throttle 28 is sharply decreased down to the initial 
opening est simultaneously with the establishment of 
such conditions. As a result, the output torque of the 
internal combustion engine 6 decreases, whereupon the 5 
drive wheel speed Vmw starts to decrease toward the 
goal value Vsp. Note that in the case of decreasing the 
opening of the sub-throttle 28 down to the initial opening 
est it is also conceivable as an alternative method to cor- 
rect the opening of the sub-throttle 28 in correspondence w 
with the above-mentioned braking system control 
decrease amount x. Specifically, it is conceivable, for 
example, to first sharply reduced it down to the totally 
closed side and then gently increase it up to the initial 
opening est. 15 

As is apparent from Fig. 7, according to the acceler- 
ation slip control of this preferred embodiment, the open- 
ing of the sub-throttle 28 is reduced down to around the 
initial opening est before ordinary acceleration slip con- 
trol based on the performance of the feedback control is 20 
executed. Namely, the opening of the sub-throttle 28 can 
be instantaneously decreased down to the initial opening 
e. 

Next, the process for previously decreasing the 
opening of the sub-throttle 28 as mentioned above (here- 25 
inafter referred to as "the standby process" and "the 
back-up process") will be explained. 

When the flag Fact is reset to "0" and the accelera- 
tion slip control conditions have not yet been established, 
the determination in step 340 is "NO" and the processing 30 
operation proceeds to step 400. 

In step 400, it is determined, according to the state 
of a flag Fsb, whether or not the standby process as later 
described is already being executed. When it has been 
determined that the flag Fsb is in a reset state, it is deter- 35 
mined whether or not the conditions for executing the 
standby process have been established (step 410). If 
such conditions have not yet been established, the oper- 
ation proceeds to step 470. 

In step 41 0, when the opening 0mn of the main throt- 40 
tie 22 which indicates the amount of operation of the 
accelerator pedal 20 has exceeded a standby start open- 
ing esb, it is determined that the conditions for executing 
the standby process have been established. This 
standby start opening esb is a value at which there is a 45 
high possibility that excessive acceleration slip may 
occur thereafter due to the operation of the main throttle 
22. Namely, this standby start opening esb is set to deter- 
mine the possibility that acceleration slip may occur 
before the actual occurrence of such an acceleration slip, so 

As in the case of the above-mentioned initial open- 
ing est, in a case where acceleration slip control has pre- 
viously been executed, this standby start opening esb is 
also updated according to the driving torque of the inter- 
nal combustion engine 6 at which the previous acceler- 55 
ation slip was controlled to a proper value. On the other 
hand, in the case of an acceleration slip control has not 
been performed yet, a predetermined value is set as the 
standby start opening esb. 
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The standby start opening esb is one of the items 
subjected to the standby control constant modification 
process in step 230 of Fig. 5 and, if the braking system 
control decrease amount x is larger than thef irst decision 
value x1 , is corrected in correspondence with the braking 
system control decrease amount x. Specifically, the 
standby start opening esb is corrected so that it may fur- 
ther approach a totally closed state. That is, if x > x1 , the 
braking system control performance is decreased by 
reason of a low temperature, etc. as compared with that 
at a normal-temperature time. Therefore, the sub-throttle 
28 is made to start to be driven further earlier toward the 
totally closed side to thereby prevent the occurrence of 
excessive slip. 

Turning back to Fig. 6B, when it has been deter- 
mined in step 410 that the conditions for the standby 
process have been established according to the present 
opening of the main throttle 22, the standby process is 
immediately executed (step 420). A flag Fsb used for 
storing a transition to the standby process mode is set 
to "1" (step 430), the operation returning to step 310. 
Note that the "standby process" means a control opera- 
tion of decreasing the opening of the sub-throttle kept in 
a totally opened state down to a standby opening ess at 
the highest possible speed. 

This standby opening ess, in a case where an accel- 
eration slip control has been previously executed, is 
learned similarly to when the opening esb for the main 
throttle which composes the above-mentioned standby 
process starting conditions is learned. On the other 
hand, in the case of an acceleration slip control has not 
been performed yet, a predetermined value is similarly 
set as the standby opening ess. Namely, this standby 
opening ess is the opening of the sub-throttle 28 which 
becomes necessary for suppressing the output of the 
internal combustion engine 6 so as to prevent the occur- 
rence of excessive acceleration slip. 

This standby opening ess is also one of the items 
subjected to the standby control constant modification 
process in step 230 of Fig. 5 and, if the braking system 
control decrease amount x is larger than thef irst decision 
value x1 , is corrected in correspondence with the braking 
system control decrease amount x. Namely, if x > x1 , the 
braking system control performance is decreased by 
reason of a low temperature, etc. as compared with that 
at a normal-temperature time. Therefore, the sub-throttle 
28 is made to start being driven further toward the totally 
closed side to thereby prevent the occurrence of exces- 
sive slip. 

The manner of variation in each throttle which 
occurs from the start of this standby process is indicated 
in a time period (t1-t2) in Fig. 7. Namely, immediately 
after the opening of the main throttle 22 has exceeded 
the standby start opening esb (time t1), the sub-throttle 
28 rotates down to the standby opening ess (time t2). By 
correcting the standby start opening esb and the standby 
opening ess in correspondence with the braking system 
control decrease amount x, it is possible to suppress the 
output torque of the internal combustion engine and thus, 
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in the case where braking performance deteriorates due 
to low temperature, etc., compensate for this deteriora- 
tion of the braking performance by the driving system. 

When, upon the standby process being executed 
with the result that the flag Fsb is set to "1 ", the acceler- s 
ation slip control conditions have not yet been estab- 
lished (time period <t2-t3> in Fig. 7), the operation 
proceeds from step 400 to step 450 and subsequent 
steps where the back-up process is executed. Note that 
the "back-up process" is a process for gradually opening w 
the sub-throttle 28 which has been restricted down to the 
standby opening 9ss by the standby process and thereby 
avoiding the feeling that the vehicle is stalling. 

In the back-up process, firstly, in step 450, it is deter- 
mined whether or not the opening of the sub-throttle 28 is 
is equal to the standby opening ess. namely whether or 
not the standby process is completed. If the standby 
process is not completed, the operation returns to step 
310. 

On the other hand, if the standby process is com- 20 
pleted, the flag Fsb is reset (step 460) in order to store 
this completion. Then, as described later, it is determined 
from the state of a flag Fbc set when the back-up process 
is completed whether or not the back-up process has 
been completed (step 470). If the back-up process has 25 
not yet been completed, it is determined whether or not 
the sub-throttle 28, which is gradually opened by the 
back-up process, has already been totally opened (step 
480). If the sub-throttle 28 is in a totally opened state, it 
is determined that the back-up process has been com- 30 
pleted, whereupon the flag Fbc is set to "1" (step 490) 
and the operation returns to step 310. If the sub-throttle 
28 is not yet in a totally opened state, the back-up proc- 
ess for driving the sub-throttle 28 so that the opening 
thereof may be equal to the goal opening 8sp calculated 35 
so as to gradually increase or so that, when that goal 
opening 6sp is not smaller than the opening 6mn of the 
main throttle 22, the opening of the sub-throttle 28 may 
become totally opened at the highest possible speed is 
executed (step 500) and the operation returns to said 40 
step 310. 

The state of operation in this back-up process (step 
500) is exemplified in a time period (t2-t3) of Fig. 7. In 
Fig. 7, as mentioned above, since the acceleration slip 
control conditions are established at a time t3. the open- 45 
ing of the sub-throttle 28 does not totally open as a result 
of this back-up process (step 500). Namely, in this case, 
the processing operation in step 490 is not executed, the 
flag Fbc remaining reset. 

Next, a case where, unlike the state illustrated in Fig. so 
7, the opening of the sub-throttle 28 has become totally 
opened as a result of the back-up process (step 500) will 
be explained. In this case, the determining process in 
step 480 results in a determination of "YES", the step 
490 is selectively executed, and the flag Fbc is set at "1 ". 55 
Accordingly, the next-time determining process in step 
470 results in a determination of "YES" and the operation 
proceeds to step 510. In this step510, an inhibiting proc- 
ess for inhibiting the next execution of the standby proc- 



ess and back-up process (steps 410 through step 500) 
is executed. Namely, in this case/it is intended that the 
closing control of the sub-throttle 28 by the standby and 
back-up processes is excessively executed relative to 
the actual conditions of the road surface and vehicle 
traveling, and therefore there is a possibility of impairing 
the acceleration characteristic of the vehicle. For this rea- 
son, the execution of the standby and back-up processes 
is inhibited until the standby start opening esb, standby 
opening ess, etc. which match the current conditions of 
the road surface and vehicle traveling are newly learned. 
This inhibiting process is achieved, for example, by set- 
ting the flag Fsb to "1" and thereby setting the standby 
process in a "dummy" execution. 

As mentioned above, the standby process and the 
back-up process are executed based on the standby 
start opening esb, standby opening ess, etc. learned as 
occasion demands prior to the performance of the accel- 
eration slip control based on the feedback control. Fur- 
ther, when the thus-learned values excessively decrease 
the output of the internal combustion engine, the standby 
and back-up processes are inhibited until the learned 
values are updated. 

Next, a learning process for various learned values 
will be explained. 

The above-mentioned respective learned values are 
learned and updated during the execution of the accel- 
eration slip control based on the feedback control. 
Namely, after the conditions for starting the acceleration 
slip control have been established with the result that the 
flag Fact has been set to be "1 " (step 350), the process- 
ing operation proceeds to step 600 where an ordinary 
acceleration slip control for feedback controlling the 
opening of the sub-throttle 28 is executed. The opening 
control of the sub-throttle 28 resulting from this acceler- 
ation slip control, as well known, reflects the present con- 
dition of the road surface as well as the present condition 
of vehicle operation such as shift position, drive wheel 
speed V mw, slip ratio, etc. 

After the execution of this acceleration slip control 
(step 600), it is determined whether or not the present 
condition of vehicle operation is a condition of no distur- 
bance such as a brake operation and therefore is a con- 
dition permitting learning in which the acceleration slip 
state is determined depending solely upon the relation- 
ship between the road surface and the output of the inter- 
nal combustion engine (step 610). If it is a condition 
permitting learning, the above-mentioned respective 
learned values are learned (step 620). Along with this, 
if, at this time, the standby and back-up processes are in 
a state of inhibition, this state of inhibition is released 
(step 630). 

For example, when it has been determined that the 
present travel road is a low-n road as a result of the accel- 
eration slip control, the standby start opening esb and 
the standby opening 9ss are each learned and updated 
to a smaller value, namely each are learned and updated 
so as to suppress the output of the internal combustion 
engine 6 to a smaller value by the standby and back-up 
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processes executed in advance of the performance of 
the acceleration slip control. 

After the execution of the inhibition releasing proc- 
ess in step 630 or when the present condition of vehicle 
operation is not a condition permitting learning, it is s 
determined whether or not the conditions for terminating 
the acceleration slip control are established (step 640). 
If such conditions are established, the opening of the 
sub-throttle 28 is made to be totally opened (step 650), 
the operation returning to step 310. If such conditions 10 
are not yet established, the operation returns to step 310 
with no processes being executed thereafter. 

The state of operation during execution of this accel- 
eration slip control is exemplified in a time period from a 
time t4 in Fig. 7. Namely, in this case, the opening esn is 
of the sub-throttle 28 is feedback-controlled so that the 
actual drive wheel speed Vmw may coincide with the 
drive wheel goal speed Vcp. 

Further, in a case where a condition permitting 
learning is established during the execution of this accel- 20 
eration slip control, learning and updating of the respec- 
tive learned values are executed according to the then- 
corresponding condition of vehicle operation such as the 
opening 6sn of the sub-throttle 28. 

According to the acceleration slip control system of 25 
the preferred embodiment which has the above-men- 
tioned construction and operates as mentioned above, it 
is apparent that the following advantages can be 
obtained. 

For example, at times of low temperature, since the 30 
viscous resistance of the brake fluid increases or the volt- 
age of a battery which is the drive source of the motor 
causing the operation of the pump 52 decreases, even 
when the fluid pressure control valves are kept in the 
pressure increasing mode (a) for the same time period 35 
as at a time of normal temperature, the actual amount of 
increase in the brake fluid remains low, with the result 
that the desired braking torque is not obtained and there- 
fore the suppression performance of the acceleration slip 
is decreased relative thereto. As a countermeasure 40 
against this, in a case where such decrease in the control 
performance of the braking torque occurs, the control 
performed by the driving torque control side is corrected 
in correspondence with the amount of decrease in the 
control performance of the braking torque. With such cor- 45 
rection, a proper slip control which is the same as that 
performed when the control performance of the braking 
torque is not decreased can be performed. Thus, in con- 
trol such as traction control for improving the kinetic char- 
acteristics of a vehicle, it is possible, even at times of low so 
temperature, to obtain the same control performance as 
at times of normal temperatures. 

As a method for control of driving force, this pre- 
ferred embodiment has shown the respective perform- 
ances of the modifying process for standby control ss 
constant in step 230 of Fig. 5, the modifying process for 
shift pattern characteristic in step 250 of Fig. 5, the mod- 
ifying process for EFI control amount in step 270 of Fig. 
5, and the modifying process for driving system TRC 
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controi amount in siep 290 of Fig. 5. bach of these mod- 
ifying processes is directed to modifying the control con- 
stant or control amount so that the driving torque may be 
reduced, as compared with that which is attainable when 
the braking system control performance is not reduced 
and, as a consequence, preventing the occurrence of 
excessive slip in the drive wheels RL, RR. 

Meanwhile, the case where the modifying process 
for the standby control constant is performed is that 
where the braking system control decrease amount x is 
larger than the first decision value x1, the case where 
the modifying process for shift pattern characteristic is 
performed is that where the braking system control 
decrease amount x is larger than the second decision 
value x2, the case where the modifying process for the 
EFI control amount is performed is that where the brak- 
ing system control decrease amount x is larger than the 
third decision value x3, and the case where the modifying 
process for the driving system TRC control amount is 
performed is that where the braking system control 
decrease amount x is larger than the fourth decision 
value x4. 

A supplementary explanation will now be given as 
to the relationship of the first to fourth decision values x1 
to x4 relative to each other. As already stated, the mod- 
ifying process for standby control constant is executed 
only when the driving system or the braking system con- 
trol is not being executed, the modifying process for EFI 
control amount and the modifying process for driving 
system TRC control amount are executed only when the 
driving system or the braking system control is being exe- 
cuted, and the modifying process for shift pattern char- 
acteristic is at all times executed regardless of whether 
or not the driving system or the braking system control 
is being executed. 

While when the driving system or the braking system 
control is not being executed the modifying processes 
for standby control constant and shift pattern character- 
istic are executed, it is conceivable as an available 
method to set the second decision value x2 to a value 
which is larger than the first decision value x1 to thereby 
bring about execution of the modifying process for shift 
pattern characteristic in the case of a lower temperature. 
The reason for this is as follows. In a case where, for 
example, a second shift position start is caused by exe- 
cuting the modifying process for shift pattern character- 
istic, the resulting degree of decrease in the driving 
torque is relatively high. For this reason, preferably, in a 
case where x1 < x < x2, only the modifying process for 
standby control constant is executed and, after x > x2, 
the modifying process for shift pattern characteristic is 
additionally executed for the first time. 

Similarly, while when the driving system or the brak- 
ing system control is executed the modifying processes 
for EFI control amount and driving system TRC control 
amount are executed, it can be considered as an avail- 
able method to set the second decision value x2 to a 
value which is larger than each of the third and fourth 
decision values x3 and x4 to thereby bring about execu- 



12 



23 EP 0 703 

tion of the modifying process for shift pattern character- 
istic in the case of a lower temperature. The reason for 
this is the same as mentioned above. Note that, regard- 
ing the third decision value x3 and the fourth decision 
value x4, both may be set to the same value or may be 5 
distinguished from each other in amount. 

The above is the first preferred embodiment which, 
in a case where a decrease in the braking-torque control 
performance occurs, is intended to compensate for this 
by correcting the control performed by the driving-torque 10 
control side in correspondence with the condition of 
decrease in performance thereof. Subsequently, an 
explanation will be given as to a second preferred 
embodiment which is intended to compensate for the 
decrease in the performance thereof by correcting the is 
control contents of the braking-torque control side itself 
in correspondence with the condition of decrease in per- 
formance thereof. 

In this second preferred embodiment, explanation 
will be given on the basis of an example wherein the 20 
decrease in the braking-torque control performance is 
compensated for by means of a so-called "brake TRC 
control" in which acceleration slip is suppressed by gen- 
erating the braking torque by imparting brake fluid to the 
wheel cylinders of the vehicle wheels at a time other than 25 
when braking is performed by the driver. 

The braking system control compensation process 
(Fig. 8), for example that which is shown below, is exe- 
cuted based on the braking system control decrease 
amount x calculated by the process of Fig. 4. 30 

This process is that which is executed, for example, 
in 5 ms units. As illustrated in Fig. 8, firstly, in step 710, 
it is determined whether or not the braking system con- 
trol decrease amount x calculated by the above-men- 
tioned process of Fig. 4 is larger than a fifth decision 35 
value x5. If the result of the determination is "NO", 
namely if x ^ x5, the operation proceeds to step 720 
where a control start speed Vwrn for brake TRC control 
is set to a first calculated value w1 . On the other hand, 
if the result of the determination is "YES", namely if x > 40 
x5, the operation proceeds to step 730 where the control 
start speed Vwrn for brake TRC control is set to a second 
calculated value w2. Each of these two calculated values 
w1 and w2 is a value which is obtained, for example, by 
multiplying the vehicle body speed by a predetermined 45 
coefficient. The relationship between the two values is 
w1 >w2. 

Note that the brake TRC control itself is started when 
the drive wheel speed has exceeded the above-men- 
tioned control start speed Vwrn. More specifically, in fact so 
the control start speed Vwrn is multiplied by a coefficient 
k which is determined depending upon other conditions, 
whereby the thus-obtained value k Vwrn is used as the 
control start speed. 

As mentioned above, in the case of the process 55 
shown in Fig. 8, the control start speed Vwrn for brake 
TRC control is changed over in two stages in correspond- 
ence with the decrease in the brake system control per- 
formance. As a result, in a case where the decrease in 
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the braking system control performance occurs (step 
710: YES), the control start speed Vwrn is set in step 
730 to the second calculated value w2 to thereby be able 
to advance the control start timing for brake TRC control 
and thus enable procurement of the same control per- 
formance as at a normal-temperature time. Note that the 
control start speed k Vwrn is not only switched stepwise 
but may be continuously changed according to the brak- 
ing system control decrease amount x. 

While this second preferred embodiment is directed 
towards enabling the procurement of the same control 
performance as at times of normal temperatures by cor- 
recting the braking-torque control itself in correspond- 
ence with the condition of decrease in the braking system 
control performance, the following measures can also be 
taken as regards such correction in addition to executing 
the brake TRC control itself earlier than usual as men- 
tioned above. Namely, particularly at a time of low tem- 
perature, since the discharge performance of the pump 
is decreased, only the pump may be driven beforehand 
earlier than actually required and actual supply and dis- 
charge of the brake fluid to and from the wheel cylinder 
may be commenced at the same timing as that at which 
the condition of decrease in the braking system control 
performance is not detected. Of course, both measures 
may be used in combined form. 

Further, if at the time of detecting the condition of 
decrease in the braking system control performance, 
correction is made such that the timing of termination of 
pump driving is further delayed than at a time of non- 
detection, it is possible to more reliably ensure a smooth 
rise in the fluid pressure gradient when re-slip occurs in 
the termination of the braking system control. 

Further, as another example to which the present 
invention can be applied, there is a method of control 
which is directed to improving the travel stability of a vehi- 
cle by controlling braking torque and engine output 
torque imparted to drive wheels in addition to the brake 
TRC control. In each of the above-mentioned preferred 
embodiments, the control system may be that which is 
based on the use of the braking system control alone but 
may of course be that which is based on the concurrent 
use of both the driving system control and the braking 
system control. 

The present invention is not in any way limited to the 
above-mentioned preferred embodiments but can be 
modified in various ways without departing from the 
scope of the subject matter of the invention. For example, 
although in the above-mentioned first preferred embod- 
iment a two- valve system is shown in which the sub- 
throttle 28 is provided with respect to the main throttle 
22 and this sub-throttle 28 is opened or closed, if instead 
a system is used in which only one linkless throttle is pro- 
vided to the suction system of the engine and this throttle 
is driven from a totally closed state according to the 
accelerator operation, it is conceivable, as an available 
method in the first preferred embodiment, to make the 
degree of relevant non-linearity high according to, for 
example, the braking system control decrease amount 
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x. Specifically, the opening of the throttle is modified so 
that it may be smaller relative to the amount of acceler- 
ator operation than at a normal -temperature time. Fur- 
thermore, a mapping which shows the relationship 
between the amount of accelerator operation and the 5 
opening of the throttle may be prepared for a low-tem- 
perature time as well, and this mapping also may be 
used. 

Claims 10 



4. A kinetic characteristic control system for a vehicle 
according to claim 1 , further comprising: 

acceleration slip detecting means (step 340) 



for detecting that an acceleration slip has occurred 
in said vehicle, whereby when said acceleration slip 
has been detected by said acceleration slip detect- 
ing means (step 340), said braking system control 
means (40, 50) controls said braking torque 
imparted to said wheel and said driving system con- 
trol means (40, 28) controls said driving torque 
imparted to said wheel, thereby suppressing said 
acceleration slip which has occurred within a desired 
range. 

A kinetic characteristic control system for a vehicle 
according to claim 1, wherein said driving system 
control means (40, 28) controls said driving torque 
by adjusting the opening of a throttle for controlling 
the amount of air intake into an internal combustion 
engine of said vehicle. 

A kinetic characteristic control system for a vehicle 
according to claim 1, wherein said driving system 
control means (40, 28) includes: 

accelerator operation amount detecting 
means (24) for detecting an amount of operation of 
an accelerator directing the opening of a throttle for 
controlling the amount of air intake into an internal 
combustion engine of said vehicle; and 

standby control means (step 420) for, in a 
case where it has been anticipated that an acceler- 
ation slip will occur on the basis of said amount of 
accelerator operation detected by said accelerator 
operation amount detecting means, controlling the 
output torque of the internal combustion engine so 
as to suppress same, whereby 

said driving system control correcting means 
(step 230) corrects the amount of accelerator oper- 
ation for initiating the performance of said standby 
control, in correspondence with said state of 
decrease in said braking system control perform- 
ance. 

A kinetic characteristic control system for a vehicle 
according to claim 1 , wherein said driving system 
control correcting means (step 230, step 250, step 
270, step 290) includes modifying means for modi- 
fying at least one of a fuel injection amount, an air- 
fuel ratio, and an ignition timing of an internal com- 
bustion engine of said vehicle, and modifies at least 
one of the fuel injection amount, air-fuel ratio, and 
ignition timing in correspondence with said state of 
decrease in said braking system control perform- 
ance. 

A kinetic characteristic control system for a vehicle 
according to claim 1, further comprising: 

an automatic transmission (2) adapted to 
automatically change over a shift position according 
to a preset automatic shift position change line, 
wherein 

said driving system control correcting means 



1- A kinetic characteristic control system for a vehicle 5. 
having a wheel cylinder (50- 1 , 50-2) to impart a brak- 
ing torque to a wheel (RL, RR) and a pump (52) for 
discharging a brake fluid of a high pressure to said is 
wheel cylinder (50-1, 50-2), comprising: 

braking system control means (40, 50) for, by 
performing changeover control between supply of 
said brake fluid to said wheel cylinder from said 6. 
pump and discharge of said brake fluid from said 20 
wheel cylinder, controlling said braking torque 
imparted to said wheel; 

driving system control means (40, 28) for 
controlling a driving torque imparted to said wheel; 

braking system control performance 25 
decrease state detecting means (66, 68) for detect- 
ing a state of decrease in a braking system control 
performance due to an increase in the viscous 
resistance of said brake fluid or a decease in the dis- 
charge capacity of said pump; and 30 

driving system control correcting means 
(step 230, step 250, step 270, step 290) for correct- 
ing control of the driving torque performed by said 
driving system control means in correspondence 
with the state of decrease in said braking system 35 
control performance. 

2. A kinetic characteristic control system for a vehicle 
according to claim 1 , wherein said braking system 
control performance decrease state detecting 40 
means (66, 68) includes brake fluid temperature 7. 
detecting means (66, 68) and estimates said state 

of decrease in said braking system control perform- 
ance on the basis of a temperature of said brake fluid 
detected by said brake fluid temperature detecting 45 
means. 

3. A kinetic characteristic control system for a vehicle 
according to claim 2, wherein said brake fluid tem- 
perature detecting means (66, 68) includes engine so 
cooling water temperature detecting means and 
estimates said brake fluid temperature on the basis 

of a engine cooling water temperature detected by 8. 
said engine cooling water temperature detecting 
means. 55 



14 



27 



EP0 703 131 A1 



28 



(step 230. step 250, step 270. step 290) includes 
shift position change line modifying means for mod- 
ifying said automatic shift position change line and 
modifies said automatic shift position change line so 
that said shift position change line may be easily 5 
shifted up or may be shifted down with difficulty in 
correspondence with said state of decrease in said 
braking system control performance. 

9. A kinetic characteristic control system for controlling 10 
the kinetic characteristic of a vehicle by generating 
a braking torque by imparting brake fluid to a wheel 
cylinder (50-1, 50-2) of a wheel (RL, RR) also at a 
time other than a time when braking is performed by 
a vehicle's driver, comprising: 15 

braking-system control means (40, 50) for 
controlling said braking torque imparted to said 
wheel by performing changeover control between 
supply of said brake fluid to said wheel cylinder from 
a pump (52) discharging the brake fluid at high pres- 20 
sure and discharge of the brake fluid from said wheel 
cylinder; 

braking-system control performance 
decrease state detecting means (66, 68) for detect- 
ing a state of decrease in a braking-system control 25 
performance due to an increase in the viscous 
resistance of said brake fluid or a decrease in a dis- 
charge capacity of said pump, and 

braking-system control correcting means 
(step 730) for correcting braking torque control of 30 
said braking-system control means. 



decrease in said braking system control perform- 
ance, compared to when not detecting same. 

13. A kinetic characteristic control system for a vehicle 
according to claim 10, wherein said braking system 
control correcting means (step 730) corrects a ter- 
mination timing of a driving of said pump in such a 
manner as to delay said termination timing further 
when detecting said state of decrease in said brak- 
ing system control performance than when not 
detecting same. 



1 0. A kinetic characteristic control system for a vehicle 
according to claim 9, wherein said braking system 
control correcting means (step 730) corrects said 35 
braking torque control in such a manner as to 
advance a start timing of said braking torque control 
performed by said braking system control means in 
correspondence with said state of decrease in said 
braking system control performance. 40 

11. A kinetic characteristic control system for a vehicle 
according to claim 10, wherein said braking system 
control correcting means (step 730) corrects said 
start timing of said braking torque control by correct- 45 
ing a drive start timing of said pump (52) in such a 
manner as to advance said drive start timing thereof 
when detecting said state of decrease in said brak- 
ing system control performance, compared to when 

not detecting same. 50 

12. A kinetic characteristic control system for a vehicle 
according to claim 10, wherein said braking system 
control correcting means (step 730) corrects said 
start timing of said brake torque control by correcting 55 
a brake fluid imparting timing to said wheel cylinder 

in such a manner as to advance said brake fluid 
imparting timing when detecting said state of 
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